This work describes an analysis of Ground Penetrating Radar (GPR) measurements at frequency range of 1.7-2.6 
I. INTRODUCTION
Ground penetrating radar (GPR) has been used extensively in the highway pavement for quite some time and was performed in early 1980s [1] . Most of the research and development works in highway application has been performed with low frequency (1000-5000 MHz) in order to evaluate and survey the road pavement layers condition [2] .
Ground penetrating radar (GPR) operates by radiating electromagnetic waves into a structure and examining the reflected signal for information about the subsurface objects [3] . GPR is a promising technology and has shown great potential as an effective tool for nondestructive evaluation (NDE) of highway structures [4] . In order to rebuild and pave existing highways that show signs of cracking and significant deterioration, it is important to effectively control the paving process by determining the final quality of the compacted mat where its density determines the effectiveness of compaction [5] .
A typical GPR system is comprised of several parts such as signal generator. This device would produce the wave that will propagate through the pavement slab. The wave will be transmitted by the antennae and reflected by the pavement slab sample and a spectrum analyzer was used to get the received signal strength or received power and attenuation [6] . In this experiment, an only monostatic mode is used.
In this work, the analysis of parameters such as frequency, density and attenuation were discussed in detailed. This work described more about the relationship between attenuation and parameters used in attenuation equation and also the influence of those parameters to the relationship between attenuation and density. The results from the GPR measurement were used and were elaborated in data analysis.
II. GPR MIXTURE MODEL
The GPR mixture model is a model in which the independent variables are measured as fractions of a total. The sum of the mixture components is always 100%, and a mixture model takes this restriction into account. The effective permittivity of such heterogeneous mixtures can be approximated from the permittivity of constituents by using mixing formulas [7] . They also provide a good choice for mathematical model in fitting measurement data.
In result and discussion part, a comparison of attenuation between measurement and three GPR mixture models for nine road pavement slabs at two frequencies will be discussed. The three GPR mixture models used are Nelson, Landau and Lichtenecker mixture model. The relative error between measurement and these three models has been done to show the performance of each model. The best mixture model with the fewest mean errors can be selected for further GPR data analysis. The models are as follows; i) Nelson mixture model by Nelson & You [7] :
ii) Landau mixture model by Landau, Lifshitz and Looyenga [8] :
iii) Lichtenecker mixture model by Lichtenecker [7] :
The notation used here applied to three component mixtures where ε represent the complex permittivity of the mixture, 1 ε is the permittivity of the medium 1, 2 ε is the permittivity of medium 2 and 3 ε is the permittivity of medium 3. . The Attenuation, A was calculated according to [7] ; ) e ( log 10 A 
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, ε ′ ′ is a dielectric constant and ε ′ is a loss factor of complex permittivity from heterogeneous road pavement sample and μ is a permeability. Figure 1 shows the phenomenon of using this model in GPR environment. In Figure 1 , the permittivity 1 is an aggregate and permittivity 2 is asphalt. These two parameters were used in this work. Besides, we also consider the permittivity of container in simulation to make it similar with measurement results. The similarity of this simulation when compared to the measurement is the microwave techniques that used. The microwave techniques used are free space method and transmission and reflection technique. In data analysis between simulation and measurement part, mean relative error had been used as below.
Where x represents the measured data, L is value of simulation data and N is a number of the measured data.
III. OBJECTIVE
There are several objectives on this work. The main objectives are:
• To see the variation of received signal strength of different density of pavement slabs.
• To compare between simulations and measurements results at various frequencies.
• To see the performance of the GPR mixture model as simulation results.
IV. ROAD PAVEMENT SAMPLE
This work begins with preparation of pavement slab sample. In laboratory, there have nine pavement slabs with different densities. The pavement slab samples were made according to the suitable proportion and aggregate calculation. The pavement slab samples used in this measurement consists of asphalt and aggregates that putted in one container. The asphalt is natural asphalt. The dimension of each pavement slab sample is 0. 
Figure 2. Slab sample of road pavement
The relationship between received signal strength and density was easily analyzed because the specimen involved is limited to only asphalt and aggregates. Based on try and effort, the nine road pavement slabs are adequate for analysis. This is also in the effort of reducing the cost by using minimum material by estimating the amount of asphalt and aggregates for road pavement slab.
The road pavement slab sample was prepared in a container. So as to ensured to have flat surface on cover by using this container. Therefore the samples all have flat surface is to avoid the specular reflection or scattering on the surface of sample.
V. GPR MEASUREMENT SETUP
In this set up, the distance between horn antenna and sample was fixed in between each other, about 0.3m height. The horn antenna is a device for radiating and receiving electromagnetic waves [9] . The antenna used in this study is horn antenna. The model of this antenna is WR430 with frequency range from 1.7 GHz to 2.6 GHz and nominal gain is 20 dB. This horn antenna was designed and manufactured by Pasternack. The effect of container was considered by addition of container attenuation. The GPR measurement system was set up as shown in Figure 3 . 
VI. GPR MEASUREMENT PROCEDURE
In measurement part, the horn antenna would sends many electromagnetic waves into the pavement slab sample, then spectrum analyzer will record the received signal strength or received power in dBm and it will be converted to attenuation for graph analysis. The wave generates by signal generator travels from the transmitting part of horn antenna to the receiving part of antenna that controlled by directional coupler through three media, namely air, pavement slab sample and container. Reflection and transmission occur at the media and received signal strength will be detected on receiving antenna part.
The pavement slab density used is in kg/m 3 and about two different frequencies have been tried. There are 1.7 GHz and 2.6 GHz. For each GPR transmission and reflection to the pavement slab sample with specific density, about fifty data in dBm were taken for each frequency. For each road pavement slab, the fifty data were taken in 100 minutes. During the measurement, the correct reading of received signal strength is obtained only when the reading of the measured sample is kept constant at the spectrum analyzer.
By using the received power and transmitted power values, it was converted to attenuation by using the suitable formula. All data were saved in personal computer and the relationship between attenuation and density for different values of densities were performed using MATLAB software. The results will be discussed in the next part.
VII. RESULTS AND DISCUSSION
In this part, the analysis of received signal strength for nine road pavement slabs at two frequencies will be discussed in detailed. Figure 4 show the relationship between received signal strength (dBm) and number of data of GPR reading for nine road pavement slabs at two different frequencies. From the figure with frequency 1. as can be seen in Figure 4 . This trend is also can be seen at frequency 2.6 GHz. So, it can be concluded that the highest density of slab causes the lowest value of received signal strength. This happened because the highest density of slab absorbs more energy of electromagnetic from the horn antenna than the lower density. In addition, the standard deviation was also calculated as listed in Table 1 . Besides, it also can be seen that the higher frequency causes the higher attenuation. The reason is that there was possibility that the higher frequency led to the lower wavelength resulting the poor penetration and also the lower traveling distances effect due to scattering [9] . This trend is valid for all pavement slabs. Besides, the variation of ripples in the waveform was due to variation of received signal strength data taken during measurement as can be seen in Figure 4 . The differences range of standard deviation show the signal variation of the received signal strength for each pavement slab at different frequency. The detail of the received signal strength with standard deviation values for these nine road pavement slabs at two frequencies is depicted in Figure 4 and also listed in Table 1 . From these results, the lower value of received signal strength would produce the higher of attenuation as can be seen in Figure 5 . After that, a comparison of attenuation between measurement and three GPR mixture models for nine road pavement slabs at two frequencies has been done. The three GPR mixture models used are Nelson, Landau and Lichtenecker mixture model as mentioned detail in section II. The relative error between measurement and these three models has been done to show the performance of each model. The best mixture model with the fewest mean errors will be selected as a reference of good GPR mixture model. These three GPR mixture models have been compared with the measurement data for nine road pavement slabs with different densities at two frequencies. The accuracy of GPR mixture model can be determined by calculating the relative error with respect to the measurement data by using equation (6) . The lowest relative error between measurement and simulation (Nelson, Looyenga or Lichtenecker) are selected as a reference. The results obtained can be seen in Figure 5 . three GPR mixture models for nine slabs at two frequencies. Figure 5 shows the relationship between attenuation and density by using three GPR mixture models that compared with measurement data for nine road pavement slabs at two frequencies. In this figure, it clearly can be seen that the different GPR mixture models produced different results. This is because of the differences of the equations used even the parameters used are similar, ε and v. From these results, Lichtenecker mixture model looks very close to the measurement compared with the other models and the Landau mixture model looks better than Nelson mixture model.
Besides, the figure also indicates that these three GPR mixture models increase with the increasing of density. In other words, the high density would produce the high attenuation. This due to the fact that the more electromagnetic energy will be absorbed by the molecules of the road pavement with high density compared to the lower density [3] . This trend is also valid for frequency 2.6 GHz as can be seen in Figure 5 .
Besides, it also clearly can be seen that the increasing of the frequency would produces the higher attenuation. It can be proved in Figure 5 , the higher frequency, 2.6 GHz produced the range of the attenuation is from 57.09 dB to 71.09 dB whereas the lower frequency, 1.7 GHz produced the range from 38.88 dB to 50.98 dB for the three GPR mixture models, respectively. The figure can be used as calibration charts where the values of density of road pavement can be read out directly once the attenuation value are known.
In addition of the GPR data analysis, the relative error between measurement and these three GPR mixture models has been done. The purpose of this technique is to see the performance of each GPR mixture model as well as to determine the best GPR mixture model. The best GPR mixture models with lowest mean relative error can be selected for further GPR data analysis. The details of the relative error are listed as in Table II and also depicted in Figure 6 . Figure 6 presents the comparison of relative error between measurement and three GPR mixture models for nine road pavement slabs at two frequencies. The figures show the various results obtained at different frequencies and these results are based from Figure 5 . From this Figure 6 , it is indicate that the relative error for Lichtenecker mixture model is the smallest among Landau and Nelson mixture model. It can be proved in Figure 6 where the mean relative errors are 2.4 %, 7.1 % and 9.1 % for Lichtenecker, Landau and Nelson mixture model, respectively at frequency 1.7 GHz. This trend is also valid for frequency 2.6 GHz.
Besides, the mean relative error for overall was tabulated in Table 2 . These two tables also show that the Lichtenecker mixture model produced the lowest value compared with other two mixture models. The mean relative errors for Lichtenecker mixture model are 2.88 % and 2.33 % for frequency 1.7 GHz and 2.6 GHz, respectively. The second best mixture model, Landau gave 7.10 % and 4.61 % whereas the poor mixture model gave 9.19 % and 6.23 % for frequency 1.7 GHz and 2.6 GHz, respectively as tabulated detail in Table 2 . From the results, it can be concluded that the Lichtenecker mixture model has shown a good agreement with the measurement data with lowest mean error and greatest results when compared with the other two GPR mixture models. Finally, the GPR mixture model can be used as a calibration curve where the values of predicted density of road pavement can be read out directly once the attenuation value are known.
VIII. CONCLUSION
This work discussed an approach to get a relationship between attenuation and density for various densities of pavement slab samples. From the results, the variation of received signal strength of different density of pavement slabs clearly can be seen. It can be concluded that the different density of pavement slab sample gave an affect for received signal strength and attenuation where the attenuation will increase with the increasing of the density. The range of mean received signal strength that obtained is from -28.88 dBm to -61.09 dBm and standard deviation is from 0.42 to 0.66 whereas the range of attenuation is from 38.88 dB to 71.09 dB.
It is found that the increasing of the frequency will causes increasing of the attenuation. Besides, the lower frequency, 1.7 GHz produced the lowest mean error between measurement and simulation when compared to the higher frequency, 2.6 GHz. The performance of the GPR mixture model as a simulation result was tested and it is found that it is suitable for this work especially in GPR data testing. Lichtenecker Mixture Model was found produced the lowest of mean error between measurements and theoretical rather than value of the other GPR mixture models. The mean relative errors between measurement and simulation have been calculated and the range is between 2.33 % and 9.19 %. Thus, Lichtenecker Mixture Model can be used for further GPR analysis.
